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Despite major discoveries, traditional biomedical research has not always addressed topics
perceived as priorities by patients and their families. Patient-centered care is predicated on
research taking such priorities into account. The present study surveyed women with Turner
syndrome (TS; 18+ years; n = 543), parents of women with TS (n = 232), and parents of younger
daughters with TS (<18 years; n = 563), regarding their priorities for research. The study also
included a quantitative audit of research categorized as either predominantly biomedical or psy-
chological in the medical and other scientific literature. The overwhelming majority of all sur-
veyed stakeholders (84% and higher) rated both biomedical and psychological research in TS as
“very important,” yet only approximately 9% of published research focused on psychological
aspects of TS. The odds of women with TS identifying psychological research as “most impor-
tant” was significantly lower (OR: 0.607; 95% CI: 0.375, 0.982] than the odds of parents making
the same prioritization. Despite the majority of participants rating research as very important,
only approximately half-rated participation in research as similarly important. The majority of
respondents in all three groups (59%–73%) indicated they would “very likely” participate in
research pertaining to eating or nutrition, quality of life, or genetic studies in TS. Substantially
fewer expressed similar eagerness to participate in studies involving the study of a new medi-
cine or medical device. Increased engagement of patient and family stakeholders in research
requires that investigators select topics of study important to that community.
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1 | INTRODUCTION
Traditional biomedical research has delivered major advances, but has
not always been directed toward answering the questions and priori-
ties of patients and their families. In 2001, the Institute of Medicine
(currently the Health and Medicine Division of the National Acade-
mies) published the report Crossing the Quality Chasm: A New Health
System for the 21st Century (Committee on Quality of Health Care in
America & Institute of Medicine, 2001). The report established six
aims to raise the quality of healthcare. Aim 3 addressed “patient-
centeredness,” which focused on “providing care that is respectful of
and responsive to individual patient preferences, needs, and values
and ensuring that patient values guide all clinical decisions.” Achieving
this aim is predicated on investigating patient and family priorities for
healthcare and, by implication, conducting research that reflects these
priorities.
The recent updated clinical practice guideline for Turner syn-
drome (TS) underscores both the biomedical and psychological
(i.e., neurocognitive/behavioral/emotional/social) aspects of the con-
dition (Gravholt et al., 2017). The section on neurocognitive and behav-
ioral aspects (pp. G43-G49) goes far beyond the preceding TS clinical
practice guideline (Bondy for the Turner Syndrome Study Group,
2007) with respect to detailing the neurocognitive, academic, social,
and psychological phenotypes associated with TS. This neurocognitive
profile has repeatedly been shown to place the psychological adapta-
tion and quality of life of girls and women at risk (Gravholt et al.,
2017, Table 9), yet it is unclear whether this topic receives adequate
attention from researchers or clinicians. The aims of this study were,
therefore, twofold: (a) to conduct a survey of affected stakeholders
regarding the perceived importance of biomedical versus psychologi-
cal research in TS. Because the perspectives of people familiar with
the individual's behavior and needs often differ from self-perceptions
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(De Los Reyes, 2013), a sub-aim was to assess differences in priorities
between adult women versus parents of adult women with TS and
(b) perform a quantitative audit of the balance between biomedical
and psychological research in the peer-reviewed literature on TS pub-
lished in the past 10 years (2008–2018).
2 | METHODS
The study comprised two components: (a) a survey of TS-affected
stakeholders and (b) a categorization and quantification of the peer-
reviewed medical and other scientific literature on TS as either bio-
medical or psychological.
2.1 | Patient and parent survey
2.1.1 | Participants
Participants were recruited through email lists belonging to the Turner
Syndrome Society of the United States (TSSUS) and the Turner
Syndrome Global Alliance (TSGA)—totaling 6,468—and their respec-
tive Facebook pages. The organizations were unable to indicate
whether the email addresses were associated with a girl/woman with
TS, a parent, a healthcare provider or researcher, or other person
interested in the organizations' activities. Accordingly, the email and
Facebook invitations, and the opening page of the survey, indicated
eligibility for the survey (see below). There were a total 1,338 survey
respondents; adult women (age 18 and older) with TS (n = 543), par-
ents of an adult daughter (age 18 and older) with TS (n = 232), and
parents of a daughter with TS, age 0–17 (n = 563). Participants
resided in all 50 states (Table 1).
2.2 | Procedures
2.2.1 | Survey development, design and administration
Survey items were developed in consultation with leadership of the
TSSUS, the TSGA, and members of TSSUS's Professional Advisory Board.
The survey was adapted for three groups: adult women (age 18 and older)
with TS; parents of an adult daughter (age 18 and older) with TS; and par-
ents of a daughter (age 0–17) with TS. The multipart survey included
questions covering: demographics; accompanying features of TS and their
impact on daily life and well-being; health care delivery; growth hormone
treatment; confidence in participating in one's health care (i.e., experi-
enced self-efficacy); and priorities for research. The current article focuses
on responses to items dealing with research priorities.
Three questions assessed the importance of (a) different areas of
research, (b) the single most important area of research, and
(c) willingness to participate in different types of research. Questions
included the following: “How important is health research related to TS
in the following areas?” (medical/physical health problems; emotional/-
behavioral health problems, including difficulty with relationships; and
opportunities to participate in TS research studies; 3-point scale: very
important, somewhat important, not important); “The most important
health research related to TS should focus on:” (medical/physical health
problems; emotional/behavioral health problems including difficulty
with relationships; other; or do not know); and, How likely would you
be to take part in the following types of health research related to TS?
(a new medicine; a new medical device; surveys about eating/nutrition
and quality of life; and study of DNA; 3-point scale: very likely, some-
what likely, not likely). The wording of the first two items was identi-
cal in the adult self-report and parent-report survey versions.
Wording for the third item substituted “your daughter” for “you” in
the parent-report survey. Survey items and response scales are pre-
sented in Supporting Information Appendix A.
The cross-sectional, web-based survey—fielded between April
21 and May 18, 2016—was programmed using Qualtrics (Qualtrics,
Provo, UT). Pretesting with a convenience sample was performed to
ensure questions were understood as intended. The email invitation
and Facebook post disclosed the survey's purpose (“understanding
the specific identified health care needs of those with TS”), the study
investigators (“TSSUS, TSGA, and the TS health care community”), and
the anticipated time to complete the survey (“a 15-min research sur-
vey”). Email reminders were sent to nonresponders 7, 14, and 21 days
after the survey was originally fielded to improve response rates.
Based on a review of survey content and the procedures adopted
for data collection, the University of Michigan Institutional Review
Board considered the survey “exempt” because the data collected were
anonymous and not sensitive in nature. Completion of the online survey
constituted respondents' consent to participate in the investigation.
2.3 | Statistical analysis
2.3.1 | Stakeholder priorities
Descriptive statistics (frequencies and percentages) for the entire
sample were calculated to characterize sample socio-demographics














White 85% 85% White 85%
Not white 15% 15% Not white 15%
Age (years) Age (years)
18–29 76% 24% 0–4 20%
30–39 19% 29% 5–10 36%
40–49 4% 22% 10–13 20%









42% 22% 6th–8th grade 21%
College grad 36% 70% 9th–12th grade 20%
Not in school 5%
Income Incomea
≤$60k 57% 57% ≤$60k 25%
>$60k 18% 25% >$60k 60%
Not reported 25% 19% Not reported 15%
Note: Percentages are adjusted for missing data; “Income”: “Not reported”
comprises the responses of “Do not know” and “Prefer not to answer.”
a “Income” for “Girls” refers to household of origin.
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(Table 1). The first set of analyses involved a comparison of the three
respondent groups (women with TS, age 18+; parents of women with
TS, age 18+; and parents of a daughter with TS, age 0–17). These ana-
lyses did not take demographic factors into account because of their
variable relationship to the respondent, (i.e., for the adult groups, the
demographics were those of the woman with TS, regardless of
whether the informant was the woman herself or a parent). In con-
trast, for the TS group age 0–17, key demographics (i.e., education
and income) described the family of origin. For this reason, compari-
sons across the three groups for this first set of analyses were per-
formed by unadjusted chi-square.
For most purposes, surveys of experiences and preferences
rely on responses obtained from the targeted group. However, if there
are reasons to question such reports, then information from people
who know the person being assessed can improve understanding
(Achenbach, 2006; Achenbach, Krukowski, Dumenci, & Ivanova,
2005; De Los Reyes, 2013). In light of the well-documented neuro-
cognitive profile of TS (Gravholt et al., 2017), with salient psychosocial
features, the second set of analyses focused on comparisons between
self-report and parent-report within the adult samples. Women with
TS and parents of women with TS were recruited independently
(i.e., there was no matching). Because of marked skewness in the
distribution of responses in the direction of rating items as very
important/very likely, response options of somewhat important/some-
what likely and not important/not likely were combined. In this set of ana-
lyses, we performed multivariate logistic regression to examine
the importance (very important vs. [somewhat important, not important])
of research focusing on: (a) medical/physical health problems; (b) emotio-
nal/behavioral health problems, including difficulty with relationships;
and (c) opportunities to participate in TS research. Multinomial logistic
regression analysis was also used to study what respondents reported
was the most important (most important vs. not) health research area:
“medical/physical,” “emotional/behavioral,” or “other” (write-in). Inspec-
tion of the write-in responses categorized as “other” (88) showed that
84 participants (95%) indicated “medical/physical” and “emotional/beha-
vioral” were considered of equal importance. We therefore recoded
these responses as “both” and the logistic regression analysis was rerun
comparing the choices of “medical/physical” versus “both.”
Finally, another set of multivariate logistic regression analyses
was conducted to examine the likelihood (very likely vs. not likely) of
participation in research studies of (a) new medicine, (b) new medical
device, (c) eating/nutrition, (d) quality of life, and (e) DNA/genes. The
main factor of interest was survey group: women with TS (parent-
report) versus women with TS (self-report). In all models, we adjusted
for race (White vs. Non-White), age group (18–29; 30–39; 40–49;
and 50+), education (high school or less; some college/trade; college
grad) and income (<=$60,000; >$60,000; not reported). For each
model, we generated the predicted probability of the outcome by
adult survey group (parent-report vs. self-report) adjusted for covari-
ates. Stata/SE 15.0 was used for all analyses.
2.3.2 | Audit of peer-reviewed literature
To quantify the proportionality between studies focusing on either
the biomedical versus psychological aspects of TS, we chose two
representative electronic abstracting and indexing databases, Pub-
Med® and PsycINFO®. Searches in both databases were restricted to
documents focusing on “humans” and published in English between
September 2008 and September 2018. We performed two searches
in each database on September 24, 2018. The first round identified
items for which “Turner syndrome” was the major focus of the article.
The second round limited the first search to research with a psycho-
logical focus. Documents not classified as psychological were catego-
rized as biomedical. Search terms were refined by examining a random
sample of 40 PubMed® entries (20 biomedical and 20 psychological)
and all PsycINFO® results to maximize true positives. Duplicates were
removed using EndNote™ software. See Supporting Informa-
tion Appendix B for search terms and validation of categorization.
3 | RESULTS
3.1 | Research priorities according to patient and
parent stakeholders
3.1.1 | Relative importance of research
A significantly lower percentage of women rated research on medi-
cal/physical problems (90%; p = 0.034) and emotional/behavioral
problems (84%; p < 0.001) as “very important” compared with parents
(94% and 91% for parents of adult and younger daughters, respec-
tively). The percentages of all three groups were substantially lower
for the item inquiring about willingness to participate in any TS-
related research without differences detected (p = 0.497, Figure 1).
Statistically adjusting for differences in demographic variables, the
reports of women with TS were not significantly different from
parents of adult daughters with TS for the same three survey items
(Table 2). Notably, demographic variables were not systematic modi-
fiers of the relationship between informant (self-report vs. parent-
report) and responses regarding importance of research.
3.1.2 | Research of most importance
The options for the item “The most important health research related to
TS should focus on:” included “medical/physical health problems,” “emo-
tional/behavioral health problems, including difficulty with relationships,”
“other” or “do not know.” Of the total 1,234 respondents completing
this item, 40.6% selected research with a medical/physical focus and
30.8% with an emotional/behavioral focus. Examination of the write-
in responses for the “other” option revealed that 6.8% indicated they
viewed the different types of research as equally important. For the
purposes of this set of analyses, a new category of “both” (medical/-
physical and emotional/behavioral) was created. Only 0.3% of those
providing a write-in response for “other” noted a research priority not
covered by the two major categories. An additional 5.9% responded
“do not know” and 15.6% did not complete the item.
A comparison of the three survey groups revealed a statistically sig-
nificant difference (p = 0.004) in ratings of most important focus for
research. Approximately two-thirds (63.2%) of the adults prioritized med-
ical/physical research compared with 48.3% of the parents with an adult
daughter. Parents reporting for younger daughters prioritized medical/-
physical (54.3%) over emotional/behavioral (45.7%) research (Figure 2a).
SANDBERG ET AL. 45
Within the adult TS group, where it was possible to adjust for demo-
graphic variables, the odds were significantly lower (OR = 0.607, 95% CI,
0.375, 0.982) that women (self-report) prioritized emotional/behavioral
over medical/physical research compared with proxy reports by parents
(Table 3, left columns). Analyses were repeated, contrasting those
respondents choosing “medical/physical” versus “both”: a significant dif-
ference was not detected between the three respondent groups
(p = 0.228; Figure 2b). Similarly, there was no difference between adult
self- and parent-reports in the logistic regression taking into account



















Medical/physical problems Emotional/behavioral problems Importance of participating
in Turner syndrome research
Women, self-report Women, parent-report Girls, parent-report
x2 = 6.54, p = 0.16
x2 =  6.77, p = 0.034
x2 = 22.45, p <0.001
FIGURE 1 Importance of health research related to Turner syndrome: percentage selecting “very important” (versus NOT – not shown) for 3 survey items
TABLE 2 Multivariate logistic regression analyses of importance of different types of research and importance of participating in research (very




Importance of participating in
Turner syndrome research
Predictor OR 95% CI OR 95% CI OR 95% CI
Participanta
Women, self-report 0.574 [0.243, 1.353] 0.527 [0.243, 1.146] 1.307 [0.837, 2.041]
Raceb
White 2.320 [1.105, 4.875] 1.393 [0.679, 2.858] 0.773 [0.458, 1.305]
Age groupc
30–39 years old 1.383 [0.581, 3.296] 0.547 [0.255, 1.175] 1.729 [1.059, 2.824]
40–49 years old 0.936 [0.383, 2.287] 0.474 [0.211, 1.065] 1.114 [0.640, 1.938]
50+ years old 1.246 [0.484, 3.209] 0.405 [0.181, 0.906] 1.479 [0.847, 2.585]
Educationd
Some college/trade 1.049 [0.343, 3.209] 0.757 [0.262, 2.185] 1.360 [0.754, 2.451]
College grad 0.695 [0.239, 2.020] 0.684 [0.247, 1.894] 0.598 [0.334, 1.070]
Incomee
>$60k 0.687 [0.339, 1.391] 0.653 [0.373, 1.143] 1.162 [0.763, 1.768]
Unknown 0.691 [0.327, 1.463] 0.797 [0.413, 1.539] 0.747 [0.478, 1.166]
Predicted probability (PP) PP SE PP SE PP SE
Survey group
Women, parent-report 93.95% 2.13% 90.86% 2.94% 48.50% 4.48%
Women, self-report 89.97% 1.54% 84.16% 1.78% 54.93% 2.53%
CI = confidence interval; OR = odds ratio. Bolded OR and associated 95% CI indicates statistically significant difference compared with reference category,




c 18–29 years old.
d HS or less.
e ≤60k.
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3.1.3 | Willingness to participate in research of different
types
Significant differences in willingness to participate across the
three groups was observed for studies of “new medicine”
(p = 0.021) and “eating and nutrition” (p = 0.005; Figure 3). The
likelihood of participating in research was highest for studies of
eating or nutrition, quality of life, and genetic research (range:





































x2 = 11.12, p = 0.004 x
2 = 2.96, p = 0.228(a) (a)
FIGURE 2 Research focus of most importance: medical/physical versus emotional/behavioral
TABLE 3 Multinomial logistic regression analysis for item inquiring about “most important” health research related to Turner syndrome among
women with Turner syndrome; self-report versus parent-report
Medical/physical vs. emotional/behavioral research Medical/physical research vs. botha
Predictor OR 95% CI OR 95% CI
Participantb
Women, self-report 0.607 [0.375, 0.982] 0.688 [0.299, 1.583]
Racec
White 0.799 [0.456, 1.401] 2.299 [0.659, 8.023]
Age groupd
30–39 years old 0.734 [0.431, 1.250] 2.759 [1.080, 7.049]
40–49 years old 0.736 [0.404, 1.343] 2.421 [0.845, 6.935]
50+ years old 0.511 [0.273, 0.956] 2.909 [1.033, 8.190]
Educatione
Some college/trade 1.229 [0.627, 2.410] 0.363 [0.139, 0.951]
College grad 1.578 [0.809, 3.077] 0.338 [0.137, 0.834]
Incomef
>$60k 0.705 [0.443, 1.122] 0.507 [0.227, 1.131]
Unknown 0.809 [0.490, 1.334] 0.929 [0.427, 2.022]
Medical/physical Emotional/behavioral Both
Predicted probability (PP) PP SE PP SE PP SE
Survey group
Women, parent-report 43.88% 4.65% 44.91% 4.58% 11.21% 3.29%
Women, self-report 55.49% 2.68% 34.75% 2.57% 9.76% 1.50%
CI = confidence interval; OR = odds ratio; Bolded OR and associated 95% CI indicates statistically significant difference compared with reference category,
SE = standard error.
Reference categories:
a ”Both” refers to respondent choosing “Other” category and writing in that both types of research are equally important.
b Women, parent-report.
c Non-White.
d 18–29 years old.
e high school or less.
f ≤60k.
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device (range: 14%–29%). When adult respondents—self-report
versus parent-report—were compared by multivariate logistic
regression, adjusting for background demographic variables, no
differences were detected in willingness to participate in any of
the types of research (Table 4).
3.2 | Balance between biomedical and psychological
research in the peer-reviewed literature
The PubMed® search returned 1,122 items: 1,042 biomedical (19/20
confirmed true positives in review of 20 randomly items) and 80 psy-
chological (20/20 true positives). The psycINFO® search generated a
total of 91 items: 37 biomedical (33/37 true negatives) and 54 psycho-
logical (51/54 true positives) items. In total, across the two databases,
we found 1,151 biomedical-focused (90.96%) items and 104 psycho-
logical-focused items (9.04%).
4 | DISCUSSION
The recently published clinical practice guidelines (Gravholt et al., 2017)
for TS comprehensively identify the features of the condition, their
evaluation and treatment strategies. They highlight the depth of knowl-
edge gained through discovery and clinical experience regarding both
the biomedical and neurocognitive and psychosocial aspects of TS. The
objective of this survey was to assess how those affected by TS, identi-
fied through their associations with TS-support and advocacy organiza-
tions, weigh the importance of these different research directions.
The overwhelming majority of all three groups of survey
respondents—between 84% and 94%—rated both biomedical and
psychosocial research as “very important.” Notwithstanding the
observation that women with TS rated both types of research as less
important than parents of affected women or girls, our audit of the
peer-reviewed literature suggests a very different priority within the
research community: 91% of published studies focused on biomedical
aspects of TS and only 9% on psychological variables. Another way of
presenting the apparent mismatch between the research priorities of
those affected by TS and the emphasis in published studies is to focus
on the domain considered by respondents to be of most importance.
The women's self-report showed that 63% designated biomedical
research as most important, followed by 54% and 48% of the parents
of daughters less than 18 years and parents of adult daughters,
respectively.
There are two inferences to be made from these findings, one
straightforward and the other cautious. The obvious conclusion is
that there is much greater balance across all survey respondent
groups in prioritizing biomedical and psychological literature than
what is represented from an audit of the scientific literature over
the past 10 years. The more cautious inference involves interpreta-
tion of the statistically significant difference between women with
TS and parents of adult daughters in the assignment of greatest
importance to biomedical versus psychological research. Parents
viewed psychological research as the highest priority (52%) com-
pared with a significantly lower proportion (37%) of women them-
selves. Assuming that priorities for research are driven, in part, by
perceptions of personal relevance, one might speculate the differ-
ence between parents and affected adults is attributable to the
women's reduced capacity to accurately judge their own psychoso-
cial adaptation, based on the well-documented neurocognitive pro-
file in TS (Gravholt et al., 2017; pp. G43–G49).
Another notable survey finding concerned willingness to participate
in research: whereas between 84% and 94% of the three respondent
groups rated research (either biomedical or psychological) as “very












































p = 0.21 x
2 = 4.03,
p = 0.133
FIGURE 3 Likelihood of participating in various type of health research related to Turner syndrome. Chi-square tests performed as 3 (respondent
group) × 2 (“very likely” vs. [NOT]), without adjustments for demographics. Percentages reported for women (self-report) and women (parent-
report) are adjusted for race, age, education, and income and are reported as predicted probability (±SE; see also Table 3)
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as very important. Time will tell whether ongoing efforts by TS-support
and advocacy organizations to inform patient and family stakeholders
about the importance of various forms of research and reduce barriers to
confidential participation will gradually lead to increased willingness to
participate (Turner Syndrome Research Registry, 2018).
Finally, the survey showed stable differences across the three
independent respondent groups in likelihood of participating in five
categories of research pertinent to TS: survey participants were far
more likely to participate in studies of eating or nutrition, quality of
life, and genetics than studies on new medicines or medical devices.
Insofar as participants were not asked to provide reasons for
choices, one can only speculate as to the underpinnings of the stated
likelihoods of participating.
The current study is characterized by both strengths and limita-
tions. The participant numbers were relatively high compared to other
studies in TS. It is also distinguished by targeting the perspectives of a
wide age range of affected stakeholders, including both self- and par-
ent informants. Yet the inclusion of parents with an adult daughter
with TS who were not matched to adult participants is a limitation.
The National Organization of Rare Diseases (NORD) estimates more
than 70,000 women and girls in the United States have TS. Moreover,
NORD reports there are no known racial or ethnic factors influencing
the incidence of TS. By contrast, our survey represented the perspec-
tives of 563 girls and 543 women with TS, as well as that of 232 par-
ents, all of whom were identified through the email lists of the Turner
Syndrome Society the US, the Turner Syndrome Global Alliance, or
their affiliated Facebook pages. Furthermore, 85% of respondents
were White, compared with 61% in the US general population (United
States Census Bureau, 2017). Accordingly, generalizations from these
findings to the total population of girls and women with TS and their
parents must be made cautiously.
In conclusion, the findings from this relatively large sample of girls
and women with TS, and their parent stakeholders, suggest the medi-
cal and other scientific literature on TS is overweighted toward bio-
medical discovery and underweighted with regard to psychological
research when the priorities of the TS community are used as the
benchmark. Increased engagement of patient and other stakeholders
in research requires that investigators select topics of study which are
important to that community (Forsythe et al., 2014). By doing so,
researchers not only build trust, but raise the potential of promoting
stronger collaborative networks. The National Health Service of the
United Kingdom adopted the phrase “no decision about me, without
me” as the motto guiding service delivery within their healthcare sys-
tem (National Health Service, 2012). Although this patient-centered
approach is focused on achieving better clinical care and treatment
through opportunities for patients to be more actively involved in
decisions regarding care, this approach must also apply to the types of
research conducted that identify patient and family-prioritized treat-
ments and outcomes (Frank et al., 2015).
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